Thermal treatment of titanium(IV) butoxide dissolved in 2-butanol at 573 K under autogenous pressure (alcohothermal treatment) yielded microcrystalline anatase-type titanium(IV) oxide (TiO 2 ). 
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Synthesis of brookite-type TiO 2 in glycol-water medium
Typical synthesis procedure is as follows [15] :
Oxobis(2,4-pentanedionato-O,O')titanium (TiO(acac) 2 , 0.019 mol) (Tokyo Kasei) and sodium acetate (0.038 mol) (Kanto Chemical) were added to 70 cm 3 of ethylene glycol (EG) (Kanto Chemical) in a test tube, which was then set in 200 cm 3 autoclave.
In the gap between the test tube and the autoclave wall, 5 cm 3 of water was added. At this point, water contacted neither TiO(acac) 2 nor EG. The autoclave was purged with nitrogen, heated at 573 K at a rate of 2.5 K min -1 , and held at that temperature for 2 h. During the reaction, water was vaporized and dissolved in EG. The products were washed first with acetone and then with water repeatedly under sonication, and dried at room temperature.
Hydrothermal synthesis of WO 3
Aqueous H 2 WO 4 solutions were prepared by the cation-exchange method with a strongly acidic ion-exchange (IE) resin in its proton (H + ) form [16] . Prior to IE, diluted hydrochloric acid (HCl) (0.1 mol dm -3 , 240 cm 3 ) was added to the resin (Organo, Amberlite IR120B NA, 30 cm 3 ) packed in a glass column to make it in the H + form and then the resin was washed with distillated water until chloride ions were no longer detected in the eluent.
An aqueous solution of NaWO 4 (Wako; 0.39 mol dm -3 , 37.5 cm 3 ) was loaded on the column and H 2 WO 4 was recovered from the column by elution with distilled water (37.5 cm 3 ). at a rate of 2.5 K min -1 , and kept at that temperature for 2 h. After the heating, the resulting powder was washed repeatedly with acetone and dried in air at room temperature.
Hydrothermal treatment (HTT) of solid H 2 WO 4 with tungstite structure (supplied as "tungstic acid" from Kanto Chemicals) was also carried out under conditions similar to those described above.
Calcination and characterization
Calcination of the samples was carried out in a box furnace; the sample in a combustion boat was heated to the desired temperature at a rate of 10 K min -1 and kept at that temperature for 1 h. Powder X-ray diffraction (XRD) with CuKα radiation was recorded on a Rigaku RINT 2500 diffractometer equipped with a carbon monochromator. Thermogravimetry (TG) and differential thermal analysis (DTA) were performed using a Rigaku TG-8120 under a flow of air at 100 cm 3 min -1 . Morphology of the powders was observed using a JEOL 5200 scanning electron microscope (SEM) and a JEOL JEM-3010 transmission electron microscope (TEM). Diffuse reflectance spectra were obtained by a Shimadzu UV-2400 [19] . The reaction of (A) was carried out in reaction tubes (18 mm in diameter and 180 mm in length, transparent for light with a wavelength of > 300 nm) under aerated conditions, while those of (B) and (C) was carried out under an Ar atmosphere.
The suspension was stirred (1000 rpm) at 298 K by using a magnet bar. After the irradiation, the amounts of carbon dioxide (CO 2 ), hydrogen (H 2 ) and O 2 in the gas phase of reaction mixtures were measured using a Shimadzu GC-8A gas chromatograph equipped with Porapak QS (CO 2 ) and MS-5A (H 2 and O 2 ) columns. The amounts of 2-PrOH and acetone were analyzed using a Shimadzu GC-8A gas chromatograph equipped with an FID and a column packed with PEG20M. Deposited Ag was analyzed by inductively coupled plasma emission spectroscopy (ICP, Shimadzu ICPS-1000III) after dissolution with concentrated nitric acid (HNO 3 ).
Results and Discussion

Characterization of TiO 2 prepared by alcohothermal method
An XRD pattern of the product prepared by alcohothermal treatment of titanium n-butoxide (TNB) in 2-butanol at 573 K is depicted in Figure 2 (a), which shows that anatase [20] was formed without contamination of any other phases such as rutile or brookite.
Addition of water to the supernatant after the autoclaving gave no precipitates, indicating that TNB was completely hydrolyzed during the thermal treatment.
Judging from the fact that the treatment of TNB in toluene at the same temperature yielded no product, the source of 6/17
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This sample possessed sufficient surface area of 63 m 2 g -1 and the crystallite size of this sample was calculated to be 19 nm from the line-broadening of the 101 diffraction peak of anatase. TEM observation ( Figure 3 ) revealed that the sample consisted of the agglomerates of primary particles of an average diameter of 20 nm, which was in good agreement with the crystallite size estimated from the XRD pattern. Therefore, each particle observed in TEM should be a single anatase crystal. TG analysis revealed that this sample showed gradual weight loss of 2.42% from 373 to 1273 K and only a very weak exothermic peak at 560 K was observed in a DTA curve due to combustion of a small amount of remaining organic moieties. Absence of sharp exothermic peak due to crystallization of anatase at around 673-773 K suggests that the product contains a negligible amount of amorphous-like phase, which is well consistent with the results of XRD and TEM. When titanium isopropoxide (TIP) was dissolved in a mixed solvent of 7 vol% 2-propanol in toluene, TIP was completely hydrolyzed to give anatase as observed in 100% 2-propanol. The amount of water required for complete hydrolysis of TIP is calculated to be 0.14 mol.
Assuming that 2-propanol in toluene is completely dehydrated, the amount of water formed from the mixed solvent is estimated to be 0.064 mol, which is smaller than that necessary for the complete hydrolysis of TIP. Two possibilities might account for this; 2-propanol formed by hydrolysis of TIP was dehydrated to yield water which was then used for the hydrolysis, and/or water generated by dehydration of hydrated TiO 2 was used again to hydrolyze TIP. In both processes water was recycled.
In the present paper, the TiO 2 sample prepared by alcohothermal method is called THyCA (<1 µmol h -1 ), due to large recombination probability of photogenerated e -and h + at large number of surface defects. Calcination of THyCA-TiO 2 powders decreased their photocatalytic activities, suggesting that surface area, i.e., adsorptibity to toward acetic acid, is decisive factor in this reaction system. Effect of calcination on the H 2 evolution rate of platinized THyCA-TiO 2 in photocatalytic dehydrogenation of 2-propanol in aqueous suspension is shown in Figure 6 .
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The rate increased with temperature until 973 K and sample obtained by calcination at that temperature exhibited a rate of 200 µmol h -1 , which was much higher than that of P-25 (100 µmol h -1 ) as well as the mineralization system. This dependency suggests that balance of surface area and crystallinity, which control adsorptivity and e --h + recombination probability, respectively, is important in hydrogen evolution system.
Characterization and photocatalytic activities of brookite-type TiO 2
XRD pattern of the product is shown in Figure 7 (a). All the XRD peaks of the product were assigned to brookite [21] . The crystallite size of this brookite sample was calculated to be 16 nm from the 121 diffraction peak using Scherrer equation. Due to the nano-crystalline property, this brookite sample had a large surface area of 78 m 2 g -1 .
In the previous paper [15] , Raman spectroscopy and TEM observation revealed that the product consisted of agglomerates of brookite nano-crystals without contamination of other phases, anatase and rutile.
In the TG curve of the product, weight loss was observed at the range from 473 to 773 K and total weight loss up to 1273 K was 6%. An exothermic peak was observed at 562 K in the DTA curve, which is attributed to combustion of organic moieties on the product. However, no DTA peak was observed in the high temperature region.
The brookite product was calcined at various temperatures and XRD patterns after calcination are shown in Figure 7 (b)-(f). A very weak peak due to the rutile phase was observed after calcination at 823 K. Peaks of brookite became sharper after calcination at 973 K and formation of rutile TiO 2 was remarkable on calcination at 1173 K. The anatase form was not observed in XRD pattern of any calcined samples, indicating that brookite directly transformed to the rutile phase. These results of XRD were consistent with those of Raman spectroscopy [15] . Calcination temperature-dependency of physical properties of
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Surface area of the sample gradually decreased with the elevation in calcination temperature while crystallite size increased, indicating that crystal growth of brookite occurred along with calcination and crystallinity of brookite sample was increased.
These brookite samples of various physical properties were platinized and then used for photocatalytic dehydrogenation of 2-propanol in aqueous suspensions. Effect of calcination on the H 2 evolution rate is shown in Figure 9 . The rate increased with temperature until 973 K and sample obtained by calcination at that temperature exhibited a rate of 104 µmol h -1 , which was almost similar to that of P-25 (100 µmol h -1 ).
It should be noted that brookite-type TiO 2 exhibited high photocatalytic activity if it possesses adequate physical properties. Severer calcination decreased the rate as was observed in THyCA-TiO 2 ( Figure   5 ). This same dependency suggests that balance of surface area and crystallinity, which control adsorptivity and e --h + recombination probability, respectively, is important in H 2 evolution system independent of the crystal structure of TiO 2 . 
Photocatalytic activity of WO 3 synthesized by hydrothermal method
Figure 4
Effect of calcination on surface area and crystallite size of THyCA-TiO 2 .
Figure 5
Effect of calcination on the CO 2 evolution rate of THyCA-TiO 2 in photocatalytic mineralization of acetic acid. 
